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INTRODUCTION 
 Marine lipids are known to possess a high content of polyunsaturated fatty acids 
(PUFA) (Ackman, 1989) which are thought to play a positive role against certain 
diseases (Kinsella, 1987). When marine species are processed at high temperatures, 
damage to PUFA can lead to primary and secondary lipid oxidation products, which can 
result in browning (Pokorný, 1981), formation of fluorescent compounds (Lubis & 
Buckle, 1990; Maruf et al., 1990), flavour changes (Kunert-Kirchhoff & Baltes, 1990) 
and loss of essential nutrients (Nielsen et al. 1985). As a result, there is a close 
relationship between lipids and the quality of the final product (Pearson et al., 1977; 
Pigott & Tucker, 1987). 
Many studies report changes in lipid during thermal treatment of fish such as 
cooking (Hearn et al., 1987; Aubourg et al., 1989), smoking (Beltrán & Moral, 1989) 
and frying (Sebedio et al., 1993). In the case of the canning process, the fatty acid and 
lipid class compositions have been studied (Hale & Brown, 1983; Aubourg et al., 1990; 
García-Arias et al., 1994), as well as the quality of the final product as a function of the 
packaging method (Oliveira et al., 1986) and the storage temperature of the raw 
material employed (Slabyj & True, 1978). 
The work described here was undertaken to study the effects of different heating 
and retorting conditions (varying times and temperatures) on the lipids of canned 
albacore (Thunnus alalunga). 
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MATERIALS AND METHODS 
Raw material and processing 
 The albacore tuna (Thunnus alalunga) used was caught by a tuna fishing vessel 
on the Atlantic Ocean (approximately 43°N and 27°W) during June 1995. The fish were 
held in ice for three days before arrival at our laboratory where they were frozen at -
40°C and stored at -20°C for 1 month. 
 The fish were beheaded, eviscerated and steam cooked in our pilot plant (102-
103°C) to a final backbone temperature of 65°C (90 min). The fish were then cooled at 
room temperature (14-17°C) over five hours. 
 Portions of 80-90g of cooked muscle were placed in RO-100 cans (6.52 cm 
diameter, 3 cm height) and olive oil (20 ml) and salt (2g) added. The cans were vacuum 
sealed and sterilised (Fo = 7 min) in a retort under three different time-temperature 
conditions: S-1 (110°C, 120 min), S-2 (115°C, 60 min) and S-3 (130°C, 27 min). Three 
separate batches of the raw material were processed under these conditions in order to 
estimate the variability in the processes. 
After 4 months of storage at room temperature cans from each batch were 
opened and the liquid drained off carefully. The muscle part was pooled over two cans, 
minced and enclosed in filter paper to absorb free liquid that was not removed by 
draining. 
 
Lipid extraction and spectrophotometric analyses 
 Lipids were extracted from the white muscle of raw, cooked and canned samples 
according to the Bligh & Dyer (1959) method. The raw tuna showed a mean lipid 
content of 6.50 g/100g muscle (standard deviation: 0.38). 
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 The content of free fatty acids (FFA) was determined by the Lowry & Tinsley 
(1976) method, based on a complex formation with (AcO)2Cu-pyridine. The 
thiobarbituric acid index (TBA-i) (mg malondialdehyde/kg sample) was determined 
according to Vyncke (1970). Conjugated diene (CD) formation was measured at 233 nm 
(Kim & Labella, 1987) and expressed as: CD = B x V / w, where B is the absorbance 
reading, V (ml) the volume of the sample, and w (mg) the mass of the lipid extract 
measured. 
 All spectrophotometric determinations were carried out in a Beckman DV-64 
spectrophotometer. Chemicals were reagent grade (E. Merck, Darmstadt, Germany). 
 
Transesterification of lipid extracts and fatty acid methyl esters (FAME) analysis 
 Lipid extracts were transesterified by the Lepage & Roy (1986) method. The 
resulting FAME were analysed by GLC (Perkin Elmer 8700 chromatograph) employing 
a fused silica capillary column SP-2330 (0.25 mm i. d. x 30 m, Supelco, Inc., 
Bellefonte, Pa, USA), programmed from 145°C to 190°C at 1.0 °C/min, from 190° C to 
210°C at 5.0°C/min, held for 13.5 min at 210°C, and from 210°C to 230°C at 
5.0°C/min. Nitrogen at 10 psig as carrier gas and flame ionization detector (FID) at 
250°C were used. A programmed temperature vaporizer (PTV) injector was used in the 
split mode (150:1) and heated from 45°C to 275°C at 15°C/min. 
 Peaks were identified by comparison of their retention times with standard 
mixtures (Supelco: PUFA nº 1 and nº 2; Larodan, Qualmix Fish) and according to 
previous identifications by Gas Chromatography-Mass Spectrometry (Aubourg et al., 
1996). Peak areas were automatically integrated, and 19:0 fatty acid was used as 
internal standard. 
 5
 The polyene index (PI) was calculated as the following fatty acids ratio: (20:5 
ω3 + 22:6 ω3) / 16:0 (Lubis & Buckle, 1990). 
 
Statistical analysis 
 Results were compared by the LSD test using the Statistica package (Statsoft, 
1994). Significance was declared at p < 0.05. 
 
 
RESULTS AND DISCUSSION 
 Results concerning the conjugated diene formation are shown in Table 1. The 
first step, cooking, produced an increase, and the sterilization step led to decreases, 
except for the shortest time condition (S-3). As a result of longer sterilization times (S-1 
and S-2), decomposition of dienes was detected. However, this damage index did not 
show significant differences between the three processes. 
 The measurement of the diene absorbance at 233 nm is considered a very 
sensitive method of detecting the beginning of lipid oxidation and has often been 
employed (White, 1995). However, when a thermal treatment such as sterilization is 
involved, diene decomposition is important so that its measurement does not remain as 
an accurate way of assessing lipid damage (Lubis & Buckle, 1990; Aubourg et al., 
1995). 
 The formation of secondary oxidation products was measured by means of the 
thiobarbituric acid index (TBA-i). A marked increase in such compounds was obtained 
as a result of cooking (Table 1). However all the time and temperature conditions of 
sterilization followed by storage produced a large decrease in the thiobarbituric acid 
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reactive substances (TBARS) content in tuna muscle. No significant differences were 
obtained between the three treatments. 
 As an explanation for the TBA-i decrease in canned samples, it can be argued 
that secondary oxidation products can be extracted from the fish muscle by the filling 
oil, be diluted in the muscle by the presence of the filling oil, or be lost from the muscle 
into the aqueous exudate. Further, TBARS are very reactive substances that during the 
thermal treatment can react with other biological compounds (mainly amino groups) in 
order to produce interaction compounds with fluorescent properties (Pokorný, 1981; 
Maruf et al., 1990; Aubourg et al., 1995). 
 The canning process followed by the canned storage produced an increase in the 
proportion of FFA in the muscle lipids (Table 1) (Aubourg et al., 1990). Previous 
comparison of different filling media showed that the extent and mechanism of lipid 
hydrolysis was independent of the filling medium employed (Medina et al., 1995). 
Comparison of the three canning conditions in the present experiment showed a 
different hydrolytic effect according to the following increasing sequence: S-2 < S-1 < 
S-3. As a result, the highest temperature treatment leading to the highest FFA 
formation. 
The total fatty acid composition of the tuna lipids is shown in Table 2. Major 
fatty acids were 16:0, 18:0, 18:1ω9, 20:5ω3 and 22:6ω3 according to previous 
experiences related to albacore (Aubourg et al., 1989; Gallardo et al., 1989) and other 
tuna species (Aubourg et al., 1996). 
 As a result of the oil canning process followed by the canned storage, a general 
decrease in the PUFA and ω3-PUFA proportions, specially in the case of 22:6ω3 and 
20:5ω3 fatty acids was obtained in the tuna muscle. A similar decrease was observed 
for the PI (Table 1) in the case of the S-1 and S-2 treatments. The interaction between 
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both fatty products (albacore muscle and its filling oil) caused an increase in the 
albacore muscle of the proportion of the fatty acids abundant in the filling oil (18:1ω9 
and 18:2ω6) (Aubourg et al., 1990; García-Arias et al., 1994). Extensive lipid 
exchanges in the fatty acid composition have also been detected during a frying 
treatment (Sebedio et al., 1993). 
 A comparison of the total PUFA and ω3-PUFA levels between the three kinds of 
canned products (Table 2) led to the conclusion that a higher proportion of these fatty 
acids was present in the tuna muscle in the case of the S-3 treatment, in spite of the fact 
that a highest hydrolytic effect (FFA formation) was observed in this treatment. A 
higher PI value was also obtained for this treatment (Table 1). 
 As a conclusion, differences between raw/cooked and canned samples related to 
the total fatty acids composition can be mostly explained as a result of the presence of 
an oil medium. However, differences between the S-3 treatment and the two others (S-1 
and S-2) indicated that a stronger (130°C) but shorter (27 min) treatment can led to a 
product with a higher PUFA proportion in the tuna muscle than in the case of lower 
temperature (110°C and 115°C) but longer (120 and 60 min, respectively) treatments. 
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TABLE 1: Measurement* of conjugated dienes (CD), thiobarbituric acid index (TBA-
i), free fatty acids (FFA) and polyene index (PI) in raw, cooked and canned tuna 
samples** 
 
 
 
 
Sample 
⎯⎯⎯ 
CD 
⎯⎯⎯ 
TBA-i  
⎯⎯⎯ 
FFA 
⎯⎯⎯ 
PI 
⎯⎯⎯ 
 
R 1.15    a 
(0.01) 
4.35    B 
(0.55) 
2.47    a 
(0.26) 
1.87    b 
(0.06) 
C 1.38    b 
(0.21) 
8.13    c 
(2.31) 
3.32    ab 
(0.38) 
1.95    b 
(0.10) 
S-1 1.03    a 
(0.02) 
0.57    a 
(0.07) 
5.53    c 
(0.90) 
1.57    a 
(0.12) 
S-2 1.07    a 
(0.04) 
1.70    a 
(0.34) 
4.19    b 
(0.58) 
1.41    a 
(0.09) 
S-3  1.23    ab 
(0.03) 
1.33    a 
(0.92) 
7.95    d 
(0.08) 
1.85    b 
(0.15) 
 
 
 
 
 
* Mean of samples from the three batches. Values in the same column followed by 
different letters are significantly different (p < 0.05). Standard deviation is 
indicated in brackets. CD were measured as expressed in the "Materials and 
Methods" section; TBA-i as mg MDA/kg muscle; FFA as g oleic acid/100 g 
lipids. 
 
** Sample names: raw (R), cooked (C) and canned (S-1, S-2 and S-3, sterilised at 
110°C-120 min, 115°C-60 min and 130°C-27 min, respectively). 
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TABLE 2: Fatty acid (FA) composition (%)* of the albacore white muscle in the different 
samples** 
 
 
 
 
 
 
   FA       R      C     S-1     S-2      S-3 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
 
14:0   2.9 (0.1) 2.5 (0.1) 1.6 (0.2) 2.5 (0.3) 1.7 (0.2) 
15:0   0.6 (0.0) 0.6 (0.0) 0.4 (0.0) 0.6 (0.0) 0.4 (0.0) 
16:0           20.0 (0.8)        18.4 (0.9)        15.7 (0.4)       17.7 (0.3)        16.2 (0.7) 
16:1ω7   2.9 (0.1) 2.4 (0.1) 1.7 (0.1) 2.3(0.2 ) 1.9 (0.2) 
17:0   1.2 (0.0) 1.1 (0.1) 0.8 (0.0) 1.0 (0.0) 0.9 (0.0) 
18:0   5.2 (0.3) 5.1 (0.2) 4.7 (0.3) 5.0 (0.2) 5.1 (0.2) 
18:1ω9           15.0 (0.8)        13.7 (0.5)        32.7 (3.4)       26.5 (2.4)        26.3 (4.0) 
18:1ω7   2.3 (0.3) 2.2 (0.2) 2.4 (0.3) 2.3 (0.2) 2.4 (0.4) 
18:2ω6   1.5 (0.1) 1.3 (0.0) 2.6 (0.2) 2.2 (0.2) 2.2 (0.2) 
18:3ω3   0.7 (0.1) 0.6 (0.0) 0.6 (0.0) 0.6 (0.0) 0.5 (0.0) 
20:1ω9   1.6 (0.1) 1.4 (0.2) 1.0 (0.2) 1.2 (0.2) 0.9 (0.1) 
18:4ω3   1.6 (0.3) 1.3 (0.1) 1.0 (0.1) 1.1 (0.1) 1.0 (0.1) 
20:4ω6   1.3 (0.1) 1.2 (0.1) 0.7 (0.1) 1.0 (0.2) 0.9 (0.1) 
20:4ω3   1.1 (0.1) 1.0 (0.1) 0.5 (0.0) 0.7 (0.1) 0.6 (0.1) 
20:5ω3   7.3 (0.3) 6.8 (0.4) 4.8 (0.7) 5.4 (0.4) 5.3 (0.6) 
24:1ω9   1.1 (0.1) 1.0 (0.1) 0.9 (0.0) 0.5 (0.1) 1.1 (0.1) 
22:4ω6   0.9 (0.1) 0.8 (0.1) 0.7 (0.0) 0.6 (0.1) 0.9 (0.1) 
22:5ω3   1.6 (0.2) 1.4 (0.2) 1.1 (0.2) 1.0 (0.2) 1.2 (0.1) 
22:6ω3           30.1 (0.6)        29.0 (0.6)        20.0 (1.1)       19.5 (0.7)        24.6 (2.2) 
 
PUFA              46.10  c 43.27 c 31.80  a 32.17  a 37.10  b 
   (0.40)  (0.06)  (2.62)  (1.55)  (3.42) 
ω3-PUFA             42.40  c 39.97  c 27.83  a 28.33  a 33.10  b 
   (0.35)  (0.15)  (2.69)  (1.60)  (3.58) 
 
 
 
 
 
 
* Mean of samples from the three batches. Standard deviations are indicated in brackets. In PUFA 
and ω3-PUFA groups, mean values in the same row followed by different letters are 
significantly different (p < 0.05). 
 
** Sample names as expressed in Table 1. 
 
